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PROBE FOR AUDIOMETRIC APPARATUS 

Background of the invention 

5 The invention relates to a probe for an audiometric appar- 

atus and as disclosed in the preamble to claim 1. 

Audiometric apparatuses are used for the measuring of vari- 
ous characteristics of a patient's hearing, including the 
10 measurement of the characteristics of the eardrum. There- 
after, on the ba;sis of the measurement results, it is pos- 
sible to diagnose various ailments, hearing deficiencies 
and so on. 

15 An example of such an apparatus is known from USA Patent 
No. 3,757,769, which enables various electro-acoustic meas- 
urements to be carried out. The apparatus has an air pump 
with which it is possible, via the measuring probe whicri is 
placed in the patient's ear canal, to change the pressure 

20 in the blocked area of the ear canal between the eardrum 
and the probe. For this purpose, the probe has three tubes 
arranged closely together in the manner of a triangle; a 
tube for regulation of the pressure, a tube for the ap- 
plication of an acoustic signal from a transducer (a loud- 

25 speaker), and a tube for acoustic measurement via a second 
transducer (a microphone). The tip of the probe itself is 
provided with an ear plug which serves to seal the ear ca- 
nal, thus enabling the desired degree of sealing to be 
achieved and therewith the possibility of varying the pres- 

30 sure in the blocked area so that, for example, impedance 
measurements can be made at the eardrum. A measuring appar- 
atus which carries out acoustic impedance measurements in 
the ear canal is also called a tympanometer . Such an appar- 
atus can also carry out electro-acoustic measurements other 

35 than impedance measurements. 
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It is difficult with such an apparatus to carry out meas- 
urements on patients who have narrow ear canals, including 
measurements on children, in that the three tubes which lie 
closely adjacent to one another simply take up too much 

5 space. If tubes with a very small clearance are used to 

enable a measuring probe to be made for patients with nar- 
row ear canals, various acoustic problems arise and the 
possibility of errors and inaccuracies in the measurements. 
Furthermore, it is very difficult to clean the channels in 

10 the probe and to keep them clean. When a probe is replaced, 
an adjustment of the measuring apparatus must be carried 
out with the new probe, which is very troublesome and 
costly. Corresponding apparatuses with corresponding draw- 
backs are known from USA Patent No. 4,057,051 and No. 

15 5,063,946. 

In USA Patent No. 4,374,526 there is disclosed a method of 
measurement and an apparatus for the testing of a person ' s 
hearing ability which is based on the finding that sound 

20 input to the ear gives rise to a reflected signal from the 
inner ear which is related to the condition of the inner 
ear. The apparatus comprises a probe with two transducers, 
i.e. a pulse generator and a sound detector, said probe 
being coupled to an electronic apparatus with suitable cal- 

25 culation equipment and so on. 

In an article in "Scand Audiol" 11:3-12, 1982 by N.J. 
Johnsen and C. Elberling, there is described a measuring 
probe with transducers for use in carrying out measurements 

30 as discussed in the above-mentioned USA Patent. The meas- 
uring probe comprises a probe tip with sound output from 
the sound source, and where in the probe there is inserted 
an acoustic tube having a smaller dimension than the clear- 
ance of the probe, said acoustic tube leading to the sound 

35 detector. With such a probe it is possible to carry out the 
measurements which are proposed in USA Patent No. 



WO 94/22372 



3 



PCT/DK94/00134 



4,374,526, without the acoustic tubes lying at the side of 
one another, but such that the one tube surrounds the 
other, 

5 Moreover, it has proved that with a new principle of meas- 

urement based on the principle in USA Patent No. 4,374,526, 
but where the sound signal which is applied to the .patient, 
the so-called stimulus signal, which consists of two sub- 
stantially sine-waved pulses which lie relatively close to 

10 each other as regards frequency, for example so that the 
one signal has a frequency in the order of LI - 2-0 the 
other frequency, it is possible to register other informa- 
tion with relation to the condition in the inner ear. Such 
acoustic signals can not be applied to a person with the 

15 use of the known probes unless these have a total diameter 
which makes it difficult to carry out measurements on per- 
sons with narrow ear canals, among other things because the 
stimulus signal must be generated by two transducers. 

20 In addition to this, the known probes have a number of 
practical disadvantages, in that they are difficult to 
clean and to keep clean, the reason being that the probes 
are built together as one unit and contain electronic 
transducers and so on which do not readily tolerate clean- 

25 ing agents, whether or not these are mechanical or chemical 
cleaning agents. Because of the problems of cleaning etc. 
between each measurement, the application value of the ap- 
paratuses is reduced. Moreover, a very great drawback with 
all of the known kinds of apparatuses is that the whole of 

30 the probe, often coupled together with the cable between 
the probe and the measuring apparatus, is replaced/ exchang- 
ed for repair and for particularly thorough cleaning etc. , 
and that the apparatus configuration comprising the appar- 
atus with cable and probe in connection herewith must be 

35 re-calibrated, which is time-consuming and costly. 
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Advantages of the invention 

The probe according to the invention and as characterized 
in claim 1 has "the advantage that it can be used not only 

5 for all of the known electro-acoustic measurements, for 

example impedance measurements, but also for the measure- 
ment of acoustic reflection from the inner ear. The inven- 
tion makes it possible for the probe to be of very slim 
configuration and with small dimensions, so that it can be 

10 used for measurements even on persons with narrow ear ca- 
nals, for example babies. 

The sound canal for the stimulus signal or signals is 
coupled to the sound tube in the probe in an area of the 
15 probe which is arranged to remain outside the ear canal it- 
self, whereby the dimensions of that part of the probe 
which is to be inserted into the ear canal can be strongly 
minimized. 

20 However, the main advantage of the invention according to 
claim 1 is that the probe according to the invention is 
configured so that the whole of the probe tip can be remov- 
ed for cleaning or replacement. It is hereby possible not 
only to considerably improve the hygiene when carrying out 

25 such electro-acoustic measurements, but it also enables the 
measuring equipment to be made ready very quickly for the 
measurement on a new patient by a simple replacement of the 
probe tip. Consequently, the application value of the ap- 
paratus is considerably increased. In practice there is a 

30 very great advantage in being able merely to replace the 
probe tip, in that calibration of the measuring equipment 
is hereby avoided, which is necessary if the whole of the 
probe including -the transducers are replaced. All of the 
transducers are arranged in a separate housing, i.e. out- 

35 side of the probe tip itself, so that cleaning of the probe 
tip and so on does not damage the transducers, no matter 
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whether the cleaning is mechanical or chemical. The possib- 
ility is also hereby provided of locating possible acoustic 
filters outside of the probe tip, namely in the transducer 
housing, so that possible acoustic filters are not influ- 
5 enced or possibly damaged during the cleaning of the probe. 

This is also contributory to the fact that replacement of 
the probe tip does not require a new calibration of the 
measuring apparatus . 

10 It is preferable that the input canals for the stimulus 
signal or signals form an angle with the longitudinal axis 
of the probe, i.e. preferably an acute angle with the probe 
tip as disclosed in claim 2. 

15 By configuring the probe according to the invention as 
disclosed in the embodiment characterized in claim 3, a 
further advantage is provided in that the sound canals can 
be cleaned, for example of ear wax and "the like, and the 
sound tube can be replaced, for example by a tube with 

20 another clearance for other measurements, or it can simply 
be replaced instead of cleaned. 

By configuring the probe according to the invention as 
disclosed and characterized in claim 4, the input canals 
25 are made to open out in the sound canal at a distance from 
the probe tip, whereby in addition to the above-mentioned 
advantages, various acoustic advantages can be achieved, 
for example an increased possibility of suppressing coup- 
ling between the transducers. 

30 

By configuring the probe according to the invention as 
disclosed and characterized in claim 5, the probe contains 
all necessary canals in integrated form, which makes it 
possible with the probe and suitable measuring equipment to 
35 carry out all known electro-acoustic measurements which can 
be effected via the ear canal. 
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At the same time,, the possibility is hereby provided of re- 
ducing the production costs of the probe, in that the 
probe, or at least those parts which are to be capable of 

5 replacement, namely the probe tip with sound detector tube, 

can be produced fc>y moulding, for example injection moulding 
in plastic. It is naturally also possible to produce the 
othe&rparts of trhe probe by moulding or injection moulding 
in plastic, but it is of special significance that the 

10 probe tip and "the sound detector tube can be produced 
cheaply by mass production, in that these are the parts 
which must be capable of being removed for frequent clean- 
ing or possible replacement. 

15 According to another embodiment of the invention, and as 
disclosed and characterized in claim 6, the probe tip is 
provided with inlaid sound tubes. This enables a reduction 
to be achieved ±n the acoustic separation between the sound 
source(s) and the sound detector, so that even better meas- 

20 uring results can be achieved, the reason being that the 
mutual coupling is reduced. 

A further improvement in the acoustic characteristics can 
be achieved by configuring the sound tube(s) as disclosed 
25 and characterized in claim 7, in that this hereby intro- 
duces a pressure drop from the mouth of the sound tubes to 
the mouth of the sound detector. 

By configuring the probe according to the invention as 
30 disclosed and characterized in claim 8, security is pro- 
vided that the parts are always coupled correctly, in that 
the cooperating means are preferably configured so that the 
coupling together is not possible unless the parts are cor- 
rectly positioned in relation to one another. The parts can 
35 consist of one or more guide pins or the like, preferably 
arranged on the transducer housing, with said guide pins 
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being arranged to enter into engagement with suitable holes 
in the probe tip. 

By configuring the probe according to the invention as 
5 disclosed and characterized in claim 9, the possibility is 

provided of improving the transfer of acoustic signals from 
the blocked area in the ear canal to the sound detector. It 
is also possible hereby to improve the acoustic iadaptation 
between the parts. This is important, the reason being that 
10 the signals to be monitored and measured are at: relatively 
low levels. 

Finally, the probe according to the invention can be con- 
figured as disclosed and characterized in claim 10, The 
15 probe is hereby easy to dismantle, and it is thus also easy 
to replace individual parts in the probe. The parts are 
naturally configured in such a way that they fit immedi- 
ately together and can only be assembled in -the correct 
manner . 

20 

The drawing 

Two example embodiments according to the invention are 
shown in the drawing and are explained in more detail in 
25 the following description, in that 

fig. 1 shows a measurement situation with an audiometric 
apparatus and probe according to the invention, 
where the probe is shown substantially to scale, 

30 

fig* 2 shows an exploded view of the probe itself ac- 
cording to a first embodiment and shown on a 
larger scale, 



35 fig. 3 shows a sound detector tube in fig. 2 in section 

and seen from outside, 
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fig. 4 shows a plane section of the probe tip in fig. 2 
in the plane IV-IV in fig. 5, 

5 fig. 5 shows the probe tip in fig. 2 seen in the direc- 

tion V-V in fig. 4, 

fig. 6 shows a plane section of the probe tip in fig. 2 
in the plane VI-VI in fig. 5 and with sound de- 
10 tector tube inserted; 



20 



25 



fig. 7 shows a plane section of the transducer housing 
in fig. 9 in the plane VII-VII, 

15 fig. 8 shows a plane section of the transducer housing 

in fig. 9 in the plane VIII-VIII, 

fig. 9 shows the transducer housing seen in the direc- 
tion IX-IX in fig. 7, 



fig. 10 shows a plane section of a second embodiment ac- 
cording to the invention, i.e. the section X-X in 
the probe tip in fig. 11, and 

fig. 11 shows the probe tip in fig. 10 seen in the direc- 
tion XI-X1. 



Description of the example embodiments 



In fig. 1 is seen the execution of an audiometric measure- 
ment, in that a measuring apparatus 3, via a cable and a 
measuring probe 1, is used for electro-acoustic measure- 
ments via the ear canal 2 of a person. 

At the end of the probe, the ear canal is blocked by means 
of a sealing plug 6 which is used for the cancellation of 
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differences in the ear canals of different persons. There 
is thus a blocked area in the ear canal 2 between the probe 
1 with sealing plug 6 and the ear drum of the person. 

5 In order to be able to change the pressure in the blocked 

area, there is also a tube 5 leading from the measuring ap- 
paratus 3 to the probe 1, for example a thin plastic tube, 
herdby enabling the pressure in the blocked area of the ear 
canal to be equalized or changed. 

10 

The probe has a tip with an open end 7 directed ±n towards 
the blocked area and the eardrum. In the probe itself are 
placed the transducers necessary for carrying out various 
forms of electro-acoustic measurement, or such that meas- 
15 urements of the kind described in the earlier-mentioned USA 
Patent No. 4,374,526 and the article from "Scand Audiol" 
can also be carried out. 

Fig. 2 shows an exploded view of the probe, and it will be 
20 seen that in the embodiment shown the probe consists of 
five parts, i.e. a probe tip 11 which can accomodate a 
sound detector tube 12 and which is thereafter secured to a 
transducer housing 13 by means of a union 10 which is 
screwed on to the thread 44 on the transducer housing. The 
25 probe concludes with a cap 14 having load relief 15 for the 
cable and an outlet 16 for the cable 5. 

The most essential parts of the first embodiment according 
to the invention, i.e. the sound detector tube 12, the 
30 probe tip 11 and the transducer housing 13, will now be 
described in more detail with reference to figs. 3-9 of the 
drawing . 

Fig. 3 shows the sound detector tube 12, which consists of 
35 a tubular part 20 which terminates in a conical part 21. 

The sound detector tube is arranged to be placed inside the 
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probe -tip as shown in fig. 6. The sound detector tube 12 
can have an increasing clearance, for example so that the 
clearance increases stepwise from the section 22 with small 
clearance to the section 23 with larger clearance, and to 
5 the outlet section 24 with the largest clearance* 

The probe tip is seen in figs* 4-6, and in fig* 6 the probe 
tip is shown with the sound detector tube inserted. In the 
probe tip there is a central opening 28, a so-called sound 
10 canal, which accomodates the sound detector tube, and which 
in the annular area between the sound detector tube and the 
probe is arranged to transfer the stimulus signal or sig- 
nals from the transducers in the transducer housing to the 
open end 7 of the probe. 

The probe tip 11 comprises three canals, all of which form 
an acute angle to the axis of the probe tip. Two of the ca- 
nals 26 are so-called supply canals for stimulus signals, 
and the third canal 27 is intended for pressure equal iza- 

20 tion or* regulation of the pressure in the sealed area in 
the ear canal* The canals open out in an area 31 at that 
end of the sound detector tube 12 which faces away from the 
probe tip 11. In the embodiment shown, the stimulus canals 
26 lie diagonally opposite one another, so that they also 

25 open out opposite one another but on each their side of the 
sound detector tube, so that the openings in the canals 26 
cannot "see" each other. 

Further* to this, the probe tip has two blind holes 30 which 
30 are arranged to engage with guide pins on the transducer 
housing, which is explained later. The probe tip is further 
arranged in such a manner that the opening 29 for insertion 
of the sound detector tube 12 is of such a dimension that 
there remains a circular area below the tube 12 for engage- 
35 ment with a corresponding, forwardly- facing raised portion 
on the transducer housing. Furthermore, the probe tip 11 
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comprises an annular flange 32 which is arranged to lie up 
against a correspondingly annular surface on the transducer 
housing. 

5 The probe tip 11 is also configured with reduced dimensions 

and thickness 42, 43 in the direction towards the open end 
7 of the probe, as shown in fig. 4. 

Figs. 7-9 show the transducer housing, which comprises a 
10 cavity 39 for insertion of the cables and tubing • The tub- 
ing is connected in a known manner w±th the canal 38 , which 
lies directly opposite the opening of the canal 27 in the 
probe tip. Moreover, the transducer* housing has two areas 
34 for electro-acoustic transducer's, so-called miniature 
15 signal generators, which via the sound canals 35 can con- 
duct the stimulus signals to the canals 26. Finally, the 
transducer housing comprises a central area 36 for a sound 
detector transducer, a so-called miniature microphone, 
which via a short sound canal 37 on the raised portion 41 
20 is arranged to be coupled to the opening in the sound de- 
tector tube 12 in the probe tip 11. 

The transducer housing has two guide pins or raised por- 
tions 33 which can be an integral part of the rest of the 

25 transducer housing, or which can be separate pins inserted 
in blind holes in the transducer housing. It will be seen 
clearly from figs. 7 and 8 that the "transducer housing with 
raised portion 41 fits immediately xnto the opening 32, 29 
in the probe tip, so that all the canal connections can be 

30 established with suitable tightness and acoustic connec- 
tion. 

The probe 1 can thus house two transducers for the genera- 
tion of stimulus signals in the areas 34, and a sound de- 
35 tector transducer in the area 36. The canals 35 can be pro- 
vided with suitable acoustic filters - The sound canals 26 
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for the stimulus signals are preferably arranged opposite 
each other as shown, so that the two transducers associated 
herewith or the signals from said transducers do not give 
rise to any mutual "coupling or any other kind of influence 
5 on each other. 

With the embodiment ^of _the probe 11' as shown in figs, 10 
and 11, it is possible for the sound detector tube 12 shown 
in figs, 2 and 3 to be omitted. When the embodiment shown 

10 in figs. 10 and 11 is used, the probe tip 11 on the sound 
detector tube 12 in fig. 2 is thus replaced by the probe 
tip 11*. The probe tip 11' has a central sound detector ca- 
nal 54 which, via the opening 29 1 , is coupled to the area 
36 in the transducer housing 13, see figs. 7 and 8. In each 

15 of the sound canals 26 ! , which open out in a common sound 
canal 28 ' , there is placed a sound tube 50, 51 of soft 
plastic, rubber or similar suitable material. The thin- 
walled area 42' of the probe tip 11' ends with an annular, 
preferably circular* opening 53. The sound tubes 50, 51 are 

20 preferably slightly longer than the probe tip, so that 
their openings 52 are in the order of 0.5-5 mm outside the 
opening 53 in the probe tip. The resulting embodiment is 
thus one without thie sound detector tube 12, but actually 
with better acoustic characteristics because of the sound 

25 tubes 50, 51, and with the possibility of configuration 
with various acoustic characteristics, partly by using dif- 
ferent materials and partly by changing the length of the 
sound tubes. Mutual coupling between the transducers, espe- 
cially coupling from the signal generators to the sound de- 

30 tector, is hereby avoided, the reason being that there will 
be a drop in pressure from the openings 52 to the opening 
53. 

The probe tip 11 1 has holes 30' for engagement with and 
35 guidance of the pins 33 in the transducer housing 13, and 
canal openings 26 1 and 27 1 corresponding to the probe tip 
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11 in the first embodiment. 

It will be obvious to those skilled in the art that probe 
tips other than those shown will be able to be configured 
5 within the scope of the invention, and be mounted in the 

probe according to the invention and hereby achieve the de- 
sired effects. 



10 
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CLAIMS 

1. Probe (1) for audicmetric apparatus for the examination 
of the hearing etc., said probe having a probe tip (11, 

5 ll 1 ) which is arranged to be inserted in a person's ear ca- 

nal (2), and where the probe has an open end (7) in the 
direction towards "the person* s eardrum, said probe compris- 
ing an area (36) for at -least one sound detector with a 
central sound detector canal (28, 28 f , 12, 54) and at least 

10 one area ( 34 ) for at least one signal generator and a cor- 
responding sound canal (26, , 26', 28, 28'), charac- 
terized in that the probe tip (11) constitutes an 
independent, replaceable unit arranged to be coupled to- 
gether with a transducer housing (13) which has areas (34, 

15 36) for the mounting of transducers for the conversion of 
electric signals to acoustic signals and vice versa, and 
with means (30, 30 1 ) which ensure the correct coupling to- 
gether of the sound canal (28, 28 1 , 54) with the sound de- 
tector as well as correct coupling together of the sound 

20 canal or sound canals (26, 26') with the signal generator 
or signal generators. 

2. Probe according to claim 1, characterized 
in that the sound canal or canals (26, 26') form an angle 

25 with the probe's longitudinal axis of 5-80°, preferably 10- 
40° . 

3. Probe according to claim 1, characterized 
in that the sound detector canal constitutes an independent 

30 sound tube (12) which is mounted in the probe tip (11) in 
the probe (1) in a removable manner, 

4. Probe according to claim 1 or 2, character- 
ized in that -the sound canals (26) open out in the 

35 probe in an area ( 31 ) in the vicinity of that end of the 
sound tube ( 12 ) which is opposite the open end ( 7 ) of the 
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probe . 

5. Probe according to claim 1, characterized 
in that the probe' tip (11) further comprises a canal (27, 

5 27 f ) which opens out in the sound canal (28, 28') and is 

arranged for pressure communication between the area in the 
ear canal (2) which is blocked by the probe (1) and the 

/tin* "-^y--^ v " 

surroundings and/or a measuring apparatus (3) for the ad- 
justment of the pressure in the ear canal, ancJ in that the 
10 probe tip is configured as one unit of plastic, for example 
by moulding. 

6. Probe according to any of the claims 1-5, charac- 
terized in that each of the sound detector canals 

15 (26 1 ) is arranged for the mounting of at least one sound 
tube (50, 51), which via the sound canal (28* ) extends to 
the area around the open end (7) of the probe. 

7. Probe according to claim 6, characterized 
20 in that the length of each of the sound tubes (50, 51) is 

such that they extend slightly beyond the opening (53) at 
the open end (7) of the sound canal (28'). 

8. Probe according to claim 1, characterized 
25 in that the transducer housing (13) is configured as an in- 
dependent unit arranged for coupling together with the 
probe tip (11), and comprises means (33) for cooperation 
with the means (30, 30') on the probe tip (11, 11') for 
correct coupling, 

30 

9* Probe according to claim 3, characterized 
in that the sound tube (12) has increasing clearance (23, 
24, 25) in the direction towards the open end (7) of the 
probe . 

35 

10. Probe (1) for audiometric apparatus (3) for the exam- 



WO 94/22372 



16 



PCT/DK94/00134 



ination of the hearing etc., said probe being arranged to 
be inserted in a person's ear canal (2), for example using 
a sealing plug against the ear canal, and where the probe 
has an open end (7) in the direction towards the person's 

5 eardrum, said probe comprising transducers which are 

coupled to the audiometric apparatus (3) via a cable (4), 
characterized in that the probe comprises a 
transducer housing (13) with an annular threaded area (44) 
for the mounting of a union piece (10) with corresponding 

10 thread, in that said union separably secures a replaceable 
probe tip (11, 11'). 
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